Abstract: The purpose of this study was to analyse the linear and area dimensions and morphological shape of sella turcica to determine if differences exist due to gender or age and compared with available global data. A total of 183 (113 men and 70 women) Malay subjects who had their computed tomography (CT) scan at the Radiology Department, Hospital University Sains Malaysia (HUSM) for ordinary diagnosis not related to craniofacial deformities. The selected age groups were divided into four groups as children (0-6 years), preadolescents (7-12 years), adolescents (13-20 years) and adults (21-35 years). The images were processed using Mimics V17.0 software. Conventional measurements included three different heights of the sella turcica (anterior, posterior, median), its length, diameter, area and width, measured in relation to the Frankfort reference line (FH). Morphometric methods were used to assess shape. No significant differences in size of the sella were found except at sella height anterior between genders. When age was evaluated, significant differences were found among all age groups. The study found that sella turcica presented with a three different shapes: in a U shape (57.9 %), in a J shape (24.5 %) and shallow (17.5 %). Sella shape and dimensions reported in the current study can be used for discovering Pathological enlargement of the pituitary fossa and may also be helpful in providing reference data in the assessment of racial, gender and age specific variation in Malay population.
Introduction
Sella turcica is a saddle-shaped depression in the body of the sphenoid bone, an important anatomical structure for diagnosis of facial skeletal type and assessment of orthodontic treatments, because of its central reference point in the assessment of cranial morphology and intermaxillary relations. The sella turcica lies on the intracranial surface of the body of the sphenoid and consists of a central pituitary fossa bounded anteriorly by the tuberculum sellae and posteriorly by the dorsum sellae. Two anterior and two posterior clinoid processes project over the pituitary fossa 1, 2) .
The sella turcica forms a bony seat for the pituitary gland. Several pathologies of this gland can alter the shape and size of sella turcica. Some patients with an unusual sella turcica are suffering from several underlying diseases, intrasellar pituitary primary tumors, hypopituita-rism, or syndromes like Down syndrome, Williams or Sheehan's syndrome and Seckel syndrome 3, 4) . The abnormal shape and size of the sella turcica provides insight to examine patients suffering from these conditions 5) .
Clinicians should be conversant with the normal radiographic anatomy and morphologic variability of this area, even before these become clinically observable in order to distinguish and explore deviations that may reflect pathological situations in sella turcica 6, 7) . Previous studies on linear and angular radiographic measurements of sella turcica had significant personal and ethnic differences 8) . Therefore, advance studies are required to obtain more data on this subject. It is essential to get information for the morphologic standard of people in all societies. The sella turcica size and morphology is different from person to person. Thus, obtaining any data in this regard will be a great help in detecting abnormalities in this anatomic area 9) knowing the normal variations of the sella turcica, they will be able to distinguish abnormalities of this area 10) .
Currently, research-ers in various fields of study such as radiology and orthodon-tics focus their attention for clarifying the morphology of the human craniofacial region 11) . The advanced development of imaging technology has made it possible to perform research that defines the morphology of the human body structures using radiographical images. CT and MRI are imaging modalities used to study and characterize the normal anatomy and the majority of pathologic processes in this region 12, 13) . This have brought advantages to clinical and surgical activities, as well as to professionals involved in radiological interpretations. In this context, a deeper radiological study of the sella turcica has become necessary in order to better clarify certain issues involved in radiological study of this structure, which is importance in several medical specialties 14) .
One must study the normal morphology of the sella turcica in order to determine whether the sella region presents with any unusual appearance. Morphology may vary from individual to individual, and the establishment of normal standards will aid in the process of eliminating any abnormality in such an important region. Therefore, the purposes of our study are as follows:
1. Determining sex related morphological shape and size of sella turcica in the Malay population.
2. Determining age related morphological shape and size of sella turcica in the Malay population.
3. Comparing the morphological size of sella turcica of the present study with global data.
Materials and Methods

Subjects
This randomised prospective descriptive study was con-ducted on 183 (113 men and 70 women) candidates who had their CT scan at the Radiology Department, HUSM. This study was approved by the Human Ethical Committee of the HUSM. Letter from Human Research Ethical Committee (HREC) has assigned a study protocol code USM/JEPeM/15060174. The selected age groups were divided into four groups as children (0-6 years), preadolescents (7-12 years), adolescents (13-20 years) and adults (21- 35 years). The selection criteria are as follows:
1. Subjects with CT images and the presence of the sella turcica with maximum clarity were selected.
2. All subjects were clinically healthy with no syndromes, clefts, or other craniofacial abnormalities either congenital, acquired through road traffic accidents or other forms of trauma and developmental discrepancies. 6. Patients using hormonal medications or corticosteroids were excluded from the study.
CT imaging
CT images were collected and saved in the Picture Archiving and Communication System (PACS) Server, Radiology Department, HUSM. These scans were of high resolution, helical scans obtained with General Electric (GE) Light Speed Plus CT Scanner System (GE company, Medical system group, Wisconsin, USA). The CT resolution was at 1.25 mm thickness and 1.25mm spacing. These scans could be accessed online.
3D Reconstruction
CT scans were saved in DICOM format, transferred to a personal computer, and reconstructed with a 3D imagesegmentation program Mimics V17.0 software (Materialise N.V., Heverlee, Belgium). This software uses the existing axial view to create cross-sections in the sagittal and frontal views. The Hounsfield Unit (HU), which expresses the gray scale, was adjusted for each tissue in the CT system.
Measurements
Seven points were carefully selected and seven linear and area measurements were repeatedly made between identified point landmarks on each of the 3D image-segmentation using Mimics software program. Table 1 lists the landmarks used in this study and Fig. 1 shows the linear and area measurements using the above mentioned point landmarks. All linear and area measurements were repeated 3 times. The second measurements were conducted after 2 weeks, which the results were blinded to minimize the examiner's bias. For the third time, the same blinding was done which is 2 weeks after the second measurements. The averages of three readings of each measurement were considered for the statistical analysis in order to minimize the intra-examiner variation. A single Table 3 . Descriptive statistics of sella turcica measurements of the study groups and the results of ANOVA test among all age groups. *p value < 0.05; **p value < 0.01 and ***p value < 0.001 operator did all the measurements and the data were compared with those by other studies.
Statistical analyses
All data were analyzed using SPSS software 22.0 (IBM, Armonk, NY, USA). The normality of the data was evaluated with the skewness and kurtosis measurements. General descriptive statistics were calculated for each parameter. An independent ttest was used to calculate the mean differences in sella turcica linear and area dimensions between males and females. One way ANOVA was used to calculate the mean difference for all parameters among different age groups. Statistical significance was set at p < 0.05. The linear and area dimensions of the sella turcica located in the mid saggital plane area are presented in Fig. 1 . The average of three different heights of the sella turcica (anterior, posterior, median), its length, diameter and width, measured in relation to the FH. In addition, the area of sella turcica was calculated for both females and males are shown in Table 2 . When comparing linear dimensions of sella turcica between genders, no significant differences between females or males in most parameters except for the Sella height anterior (TS-SF) could be found. On the other hand, when linear and area dimensions were compared with age, there were significant differences between the older and the younger age groups (Tables 3 and 4) for all linear and area dimensions. It was noted that sella turcica in the older groups was consistently larger than in the younger age groups. Furthermore, When our parameters were compared with those in other global data, disparities in all dimensions among different populations were observed (Table 5) .
Results
Size of the sella turcica 315
Shape of the sella turcica
In respect of its shape, the sella turcica was radiologically shown as three different shapes: in a U shape (57.9 %), when the dorsum and tubercle of the sella turcica are maintained at the same height; in a J shape (24.5 %), when the sella turcica tubercle is in a lower position in relation to the dorsum; and shallow (17.5 %), when the sella turcica depth is minimum as in Table 6 .
Discussion
Further studies are expected to evaluate the effectiveness of radiographs for recognition of pituitary pathology. Cephalograms do not constitute the radiological technique for decision or conclusion of a suspected pituitary tumor. CT and magnetic resonance imaging provide much greater sensitivity 15) . On the other hand, coincidental discoveries noted by the orthodontist may prompt further examination of undiscovered or subclinical conditions 6, 7, 16) . Standardised information for the sella turcica as reference is currently available. However, they are basically limited to ordinary estimations, for example, height and length. Nowadays morphometrics analysis in the field of orthodontics was an encouraging force to apply objective methods for assessment of shape normality of the sella 17) . In addition to morphometric assessment, conventional linear and area measurements were incorporated. Large quantity of such data were found in the literatures but procedures of measurement vary mostly.
Following the concerns stated by Silverman (1957) 17) , it was chosen to utilize the FH as the reference plane, so that vertical and antero-posterior measurements would be related to an external reference system and not be reliant on sella shape. This is a problem in studies where the antero-posterior diameter of sella is measured from TS to the most distant point on the opposite side of the outline since the direction of the measurement depends on the shape being measured and is not directly reliable between subjects 18) .
The non-significant differences of sella turcica length, width, diameter and three different heights of the sella turcica (anterior, posterior, and median) between genders also recognised by Alkofide (2007) 19) . The sella turcica in males tends to be larger than that in females from about one year of age until about thirteen years. The pre-adolescent acceleration of growth in females began 2 years or earlier than males. In males, the acceleration occurs about 2 to 3 years later than in females, it is less noticeable, but 19) . Tetradis and Kantor (1999) 20) calculated the volume of the sella turcica using cephalometric radiographs. They found the volume in males to be larger than in females. Nevertheless their study was based on measuring only the volume of sella turcica and not sella turcica linear and area dimensions as in the present study 20) . Statistically significant correlations were found between age and several linear and area measurements in some cross-sectional studies. In another cross-sectional investigation, Tetradis and Kantor reported a tendency of increased size with age but this was not consistent between all successive age groups 21) . Rennert and Doerfler (2007) 11) measured volume in addition to width and height in a cross-sectional sample of orthodontic patients. They, too, found an increase in sella dimensions with age, from the 6 -10 to the 21 -25 age group. However, the change in height was minimal and probably not statistically significant (no SD values were given) 11) . Chilton et al. (1983) 22) reported on volume of the sella turcica and found an increase with age, as well as larger volumes in males than in females. It should be noted that an agerelated increase of sella turcica size is expected because its contents, i.e. the hypophysis, have been shown to increase in size with age 22) . Therefore, longitudinal studies of sella size have provided positive results. Silverman reported that sella area increases steadily with age and follows the somatic growth pattern, possibly related to the function of the anterior lobe. Correlation of size to stature was higher than to age. Axelsson et al. (2004) 18) had also showed a stable increase in size for both genders during growth.
These findings of the linear and area dimensions and morphological shape of sella turcica were obtained from Malay population at Hospital Universiti Sains Malaysia. It is unknown whether similar findings might be obtained from other populations.
Results of the few studies were shown in Table 5 4, 19, [23] [24] [25] [26] [27] [28] , however, it might be useful to carry out these linear and area dimensions and morphological shape of sella turcica in study populations from other institutions. The results of linear and area dimensions and morphological shape of sella turcica in a Pakistan 23) , Iran 25) and Nigeria 27) populations shows larger values in comparison to present study. The following are the key results of this study: 1. No statistically significant differences in gender for all linear and area measurements except at sella height anterior. 2. There is statistically significant differences in sella size among all age groups for all linear and area dimensions. Sella sizes in the older age subjects were larger. 3. The results of the present study of sella shape and size may be used as reference standards for Malay subjects when studying sella turcica morphology. 4. Comparison the results of the present study with previous studies were showed disparities in all dimensions.
